Metal-organic frameworks (MOFs) are promising nanomaterials with unprecedented capacity to store small molecules. Titanium cooperated with NH 2 -UiO-66 were prepared via post synthesis modifications approach and their structures and properties were characterized by X-raydiffraction,Fourier transform infrared spectroscopy, thermogravimetric analysis, nitrogen adsorption isotherms, and scanning electron microscopy. The resultant titanium cooperated with NH 2 -UiO-66 showed excellent performance for CO 2 adsorption via the formation of oxo-bridged hetero-Zr-Ti clusters. This result clearly demonstrates that the smaller Ti ions exchanged with the Zr ions of NH 2 -UiO-66 may decrease the pore sizes within the framework to be closer to the ideal pore sizes for CO 2 adsorption.
INTRODUCTION
As a new class of hybrid porous crystalline materials, metalorganic frameworks (MOFs) typically constructed from metal oxoclusters interconnected by polydentate organic ligands, have a definite composition and structure. 1 Permanent microporosity, adjustable porosities, tunable pore suface,typically very high internal surface areas and low densities make MOFs material promising candidates in the area of gas storage, 2 separation, heterogeneous catalysis, chemical sensing and drug delivery. 3 Additionally,porous MOF compounds provide distinct advantages over other classes of adsorbents and heterogeneous catalysts. 4 Nowadays, the rising level of carbon dioxide in the atmosphere has become one of the biggest problems worldwide. 5 Therefore, reducing carbon dioxide emission from the burning processes by capture and storage has been proposed as one of the control strategies and thus has been studied by many researchers throughout the world using different technologies. 6 With current technology, the most effective method of CO 2 capture from flue gases is chemical absorption in an aqueous solution of an amine based organic, such as mono-or diethanol-amine. 7 Furthermore, the degradation of the amine absorbent leads to corrosive mixtures.Among these methods, recent advances have shifted towards adsorption technology using novel materials such as MOFs to controlling the CO 2 emission from flue gases. 8 In addition to a high surface area and pore volume, MOFs chemical nature can be fine-tuned by selecting the appropriate building blocks and/or by post-synthetic modification, thus leading to tailored porous materials with great promise for the CO 2 adsorption. 9 Recently, Zr-based MOFs (UiO-66) , which with free diameter of octahedral cage is 11 Å and tetrahedral cage is 8Å, and the cages are connected by triangular windows with a diameter of 6 Å, have been found to have good thermal stability and adsorption capacity toward CO 2 . Different ligand linkers have been tested for adsorption of CO 2 such as NH 2 -BDC and Br-BDC. 10 Possess high surface areas, large cavity volumes, robust and stable at high temperatures and in atmospheric moisture, NH 2 -UiO-66 is an ideal candidate for CO 2 capture.
11
The partial substitution of metal cations in MOFs can lead to the formation of oxo-bridged heterometallic assemblies within the same MOFs. Such bimetallic assemblies with more flexibility and tunability due to the availability of different MOF structures, are expected to show enhanced photocatalytic performance. 12 The incorporation with metal ions in MOFs is considered one of the effective ways to modify the pore sizes of MOFs. Post-synthesis modifications of preconstructed MOFs by replacement of the organic cation with smaller inorganic cation have been performed to tune the pore size and provide desired surface chemistries in MOFs.This postsynthetic exchange of ligands occurred with full retention of crystallinity and porosity as gas sorption measurements.
13
NH 2 -UiO-66 is suitable for postsynthetic modification with a variety of anhydrides to generate new functionalized frameworks. The amine tagged NH 2 -UiO-66 has been explored in post-synthesis modifications reactions, Cohen and Lillerud 14 independently reported the acylation of NH 2 -UiO-66 via the use of anhydride reagents.The aziridination of the amino group has been performed in NH 2 -UiO-66 with acetaldehyde. Wang et al. 15 reported via a facial modified post-grafting method prepared UiO-66 fabricated with titanium. Ti-substituted NH 2 -UiO-66(Zr/Ti) prepared by Sun et.al. using a post-synthetic exchange method showed enhanced photocatalytic performance for both CO 2 reduction.
We herein report the synthesis of titanium cooperated with NH 2 -UiO-66 via a facial modfied post-grafing method. The CO 2 adsorption performance of the as-synthesized NH 2 -UiO-66(Ti) nanocomposites was evaluated.
EXPERIMENTAL

Materials
Zirconium chloride (ZrCl 4 ), 2-aminoterephthalic acid (SigmaAldrich.>99%), N,N-dimethylformamide (DMF) and ethanol were purchased from Shanghai Chemical Reaent Inc. of the Chinese Medicine Group. Tetrabutyl titanate(Ti(OBu) 4 ) were ordered from Aladdin,All chemicals were used without further purification.
Synthesis of amino-functionalized NH 2 -UiO-66
A standard up scaled synthesis of NH 2 -UiO-66was performed by dissolving ZrCl 4 (1.50g,6.4mmol) and 2-aminoterephthalic acid (1.56 g, 6.4 mmol) in DMF (180 mL) at room temperature in a volumetric flask. 16 The resulting mixture was placed in a preheated oven at 80℃for 12 h and then held at 100 °C for 24 h. After the solution was cooled to room temperature in air, the resulting solid was filtered and repeatedly washed with absolute ethanol for 3 days while heated at 60 °C in a water bath. The resulting yellow powder was filtered and dried under vacuum at ambient temperature.
POSTSYNTHESIS OF TITANIUM INCORPORATED WITH AMINO-FUNCTIONALIZATION UIO-66 FOR
Synthesis of TiCl 4 (THF) 2
TiCl 4 (THF) 2 was synthesized according to the patent of Francesco et al. 17 5.0 g TiCl 4 was dissolved in 50 mL of dichloroethane in a 250mL RBF under inert conditions. 7.62 g dried tetrahydrofuran (THF) was added at 0 °C to form a yellow solution. 100 mL of sodium dried n-hexane was used to precipitate a yellow powder, which was filtered and washed with n-hexane. It was dried for 2-3 hours over a Schlenk line, and used immediately for post-synthetic exchange.
Post-synthetic exchange of UiO-66 with TiCl 4 (THF) 2
The post-synthetic exchange of UiO-66 with TiCl 4 (THF) 2 was carried out according to the work of Cohen and co-workers. 0.17 g TiCl 4 (THF) 2 was dissolved in 10 mL of DMF. 0.14 g of NH 2 -UiO-66 was added. (denoted as NH 2 -UiO-66 (Ti)-0.2, 0.4, 0.6, 0.8, 1.0, respectively). The mixture was incubated for 5 and 15 days. The solids were separated from the solvent via centrifugation, and washed with fresh DMF. The washed solids were immersed in a methanol bath for 3 days. The methanol was replaced every 24 hours. The solids were dried at 40 °C in a vacuum for 24 hours.
Characterizations
Powder X-ray diffraction (PXRD) patterns were collected by using an X-ray diffract meter with Cu target (36 kV, 25 mA) from 5 to 70°. Ultraviolet-visible (UV-vis) absorbance spectra were collected on a Shimadzu UV 3600 plus spectrophotometer over a range of 200-800 nm. Infrared (IR) spectra (KBr pellets) were obtained in the 400-4000 cm -1 rang with a resolution of 4 cm -1 using a Nicolet Nexus 870 FTIR spectrometer. Nitrogen sorptiondesorption isotherms were obtained at 77 K on a Micromeritics ASAP 3020 analyzer. The samples were heated at 150 °C for 12 h prior to each test. Morphology and microstructure were observed by a field emissions scanning electron microscope (FE-SEM: Hitachi S-4800) and high resolution transmission electron microscopy (TEM: JEOL JEM 2100). Transmission electron microscope was operated at 200kV. Thermogravimetric Analysis was performed on an in the tempteature range of 30-900 °C under nitrogen at a heating rate of 20°C min -1 ,using a Pyris1 TGA-1.
RESULTS AND DISCUSSION
Characterization of Ti/NH 2 -UiO-66
XRD,FI-IR measurements XRD patterns of the NH 2 -UiO-66 and UiO-66(Ti) nanocomposite was presents as Figure 1 . All the NH 2 -UiO-66(Ti) exhibited a similar XRD pattern as reported in the literature. The samples present sharper and narrower diffraction peaks at 2θ=7.3°, 8.5°, 17.1°, 25.8° and 30.8°, indicating the higher crystallinity. 18 Peaks corresponding to newly emerged phases cannot be observed even at higher Ti concentration. It suggested that the introduction of titanium does not result in any destruction or disorder in comparison to the NH 2 -UiO-66 sample. 19 Additionally, with the increasing of the Ti to Zr molar ratio, The FTIR spectra of these Ti/NH 2 -UiO-66 samples exhibit similar characteristic peaks, as shown in Figure 2 
TG,BET measurements
Thermogravimetric analyses were carried out in an air atmosphere for investigation of the thermal stability of the compound. As displayed in Figure 3 , the Ti incorporated with NH 2 -UiO-66 was accordance with previous studies. 23 The framework decomposition is occurs over a temperature range of 540 °C. All the samples are occur loss of physisorbed water molecules and solvent molecules hosted in the pores over a temperature range of 35-100 °C. The progressive structured weight loss up to 200-350 °C are the removal of monocarboxylate ligands and dehydroxylation of the Zr 6 cornerstones. 24 However, increasing the Ti concentration in the post-synthetic metal results in the plateau increasing toward ideality, indicating that more Ti have been exchange in NH 2 -UiO-66 structure. The TGA plateau is in fact found to systematically increase with the ratio of Ti to Zr. 25 The N 2 adsorption-desorption isotherm measurement and the pore-size was performed distribution curve are shown in Figure 4 . We can see that the nitrogen adsorption capacity varies significantly depending on content of Ti.
The 4+ , which results in the shrinking of the crystal lattice in the porous material. 27 
UV-vis measurements
The UV-visible absorption spectra are presented in Figure 5 . It shows that two main absorption peaks at around 265 and 365 nm. The peak at 265 nm is ascribed to the absorption of Zr-O clusters in the NH 2 -UiO-66. The peak is broader than the unsubstituted NH 2 -UiO-66, this result may be attributed to the absorption of Ti-O oxo-clusters generated by Ti substitution in NH 2 -UiO-66. 28 The main peak at 365 nm is ascribed to the ligand based absorption influenced by the nearby metal centers. However, these two peaks become broader and more intense after the titanium was incorporated into NH 2 -UiO-66. 29 In addition, the UV-vis absorption edges of the as-prepared NH 2 -UiO-66(Ti) nanocomposites are shifted to longer wavelengths compared with that of NH 2 -UiO-66. The absorption bands in the near visible and visible regions in NH 2 -UiO-66(Ti) are mainly attributed to the ligand to metal charge transfer and can be assigned to the interaction between the ligand and substituted Ti. 30 
XPS measurements
The X-ray photoelectron spectroscopy (XPS) is a highly sensitive technique to explore the chemical changes in the element surroundings. The XPS spectra of the elements of interest Zr3d, Ti2p, N1s, O1s are shown in Figure 6 .The survey scan of the NH 2 -UiO-66 and NH 2 -UiO-66(Ti) was shown in Figure 6(a) , new peaks associated with Ti2p appeared in the XPS spectrum of the UiO-66(Ti) composites, and their relative peak intensities to that of Zr3p increased with an increasing Ti content. These observations confirmed that the titanium moieties were successfully.The analysis Figure 6 (c) of NH 2 -UiO-66(Ti) indicated a small shift in the binding energy of the Zr3d peaks (from 185.08 and 182.78 eV to 185.28 and 182.88eV,respectively). 31 Figure 6(d) shows two peaks of the Ti2p region at 458.7 eV and 464.5 eV,corresponding to Ti2p3/2 and Ti2p1/2 respectively, The increasing Ti contents could be explained by the enhanced electron density around the O atoms. All these features imply that the titanium moieties be introduced to the framework of UiO-66 as electron donor via the formation of oxo-bridged hetero-ZrTi clusters.and provided that another confirmation of the successful incorporation of the Ti moiety in NH 2 -UiO-66. 32 
SEM and TEM measurements
The morphology of NH 2 -UiO-66 and the NH 2 -UiO-66(Ti) nanocomposite were investigated by SEM. According to Figure 7 , it can be clearly seen from (a) that NH 2 -UiO-66 nanocrystals were more angular, revealing the increased definition of facets and vertices that are common in larger crystals, indicating that the presence of the NH 2 group on the organic linker affects the growth mechanism of the framework. 33 The materials have the typical octahedral morphology, with homogeneous particle diameters about 200 nm. Obviously, NH 2 -UiO-66(Ti) retained the similar morphology as NH 2 -UiO-66. Furthermore, no obvious differences of the morphologies could be observed from the TEM images (g and h). These observations suggest that Ti was truly incorporated into the UiO-66 framework to replace Zr as skeleton. 34 No change in the octahedral morphology of the crystals could be observed. Furthermore, EDS elemental analysis was also conducted to study the elemental distribution. The EDS spectrum of NH 2 -UiO-66(Ti) reveals N, Zr, Ti, and O elements.
CO 2 adsorption
The CO 2 adsorption isotherms for NH 2 -UiO-66(Ti) are shown in Figure 8 . All MOFs exhibited a type I isotherm, which is indeed characteristic of microporous materials. NH 2 -UiO-66(Ti)-0.2 and NH 2 -UiO-66(Ti)-0.4 samples presented higher CO 2 adsorption than NH 2 -UiO-66 sample. And the two samples show the highest CO 2 adsorption capacities.NH 2 -UiO-66(Ti)-0.6 has the similar adsorption capacity as NH 2 -UiO-66. The rate of 0.8 and 1.0 are lower than NH 2 -UiO-66. Considering the moderate BET surface area and pore volume of Titanium incorporated with NH 2 -UiO-66, it is likely that the high CO 2 capacity is due to the average pore diameter being of an optimal size to confine CO 2 molecules. 35 This suggests that Zr in the original NH 2 -UiO-66 has been substituted by Ti. The Ti-O ring sterically hinders access to the stronger adsorption sites at the metal cluster. 36 It is noted that Ti has produced a higher affinity for adsorption of CO 2 . 37 Ti incorporated with NH 2 functional groups can provide more CO 2 adsorption sites and increase the affinity toward CO 2 .Several studies have been reported that the presence of micropores (<0.8 nm) in porous carbons showed superior CO 2 adsorption capacity, particularly for CO2 capture at atmospheric pressure and room temperature. The results of CO 2 adsorption indicate that not only the amount of defects but also their charge compensating groups within the materials have a marked effect on the loading of guest molecules. 38, 39 An important observation is the amount of uptake that occurs within the small cavities. This is remarkable considering that the small cavities of ~5 Å appear to have a large role in the uptake of CO 2 .The Titanium cooperated with NH 2 -UiO-66 herein illustrate the importance of reactive side groups, introduced in post-synthetic modifications, converted in high yields to functionalities through post-synthetic methods. 40 Moreover, our work highlights the strategies of tailoring host-guest interactions through post-synthetic method, therefore, enabling applications in CO 2 uptake.
Metal organic framework NH 2 -UiO-66 fabricated with titanium was successfully prepared via a facial modified post synthesis method. Zr ions in NH 2 -UiO-66 were post synthetically exchanged with Ti ions at different loading rate. The Ti-exchanged NH 2 -UiO-66 enhanced CO 2 adsorption could be attributed to the the substituted Ti center. This result clearly demonstrates that the Ti ions may decrease the pore sizes within the framework to be closer to the ideal pore sizes for CO 2 adsorption,which are critical to the enhancing of the CO 2 adsorption.
